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ABSTRACT 



A skid control system which successfully prevents a 
vehicle from slipping with its wheels being locked due 
to excessive braking force during braking, known as 
"skid condition", comprises two Doppler radars in- 
cluding respective transmitting and receiving anten- 
nae. The radars are provided on the body of the vehi- 
cle at the same angle of declination relative to a plane 
parallel to the bottom surface of the vehicle body. 
One of the radars is directed down-forward and the 
other is directed down- backward. A signal component 
proportional to the pitch angle of the body of the vehi- 
cle during deceleration may be sensed by combining 
two signals produced by the two radars. The excessive 
braking force is controlled by the signal component. 

7 Claims, 7 Drawing Figures 
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contains to a considerable extent a signal component 

VEHICLE SKID CONTROL SYSTEM proportional to the pitch angle of the vehicle, so that 

the vehicle skid control system of the invention is capa- 

« * ^„^~^. „„ tr .^ m ^, ble of detecting the decleration conditions of the vehi- 

BACKGROUND OF THE INVENTION 5 c|g by ^Wety utjlizing ^ $igna , component and> at 

The present invention relates to a vehicle skid con- the same time, controlling an excessive braking force 
trol system. More particularly, the invention relates to due to such signal component. 

a skid control system wherein skid conditions produced The vehicle skid control system of the invention pre- 

during emergency braking are sensed as a signal com- vents skidding of a vehicle caused by excessive braking 

ponent proportional to the pitch angle of the vehicle 1° force. The vehicle has braking means including a brake 

during deceleration by means of Doppler radar and ex- pedal whereby braking force is applied. The pitch angle 

cessive braking force is controlled by the signal compo- of the vehicle varies with the braking force and with the 

nent. deceleration of the vehicle. The vehicle skid control 

Conventional anti-skid control systems which pre- system comprises a pitch angle detector mounted on 

vent a vehicle from slipping with its wheels locked due '5 the vehicle for detecting a variation in the pitch angle 

to excessive braking force during emergency braking, of the vehicle in deceleration. A control device is cou- 

known as "skid condition", are known. In such known pled between the pitch angle detecting means and the 

systems, braking control is undertaken as follows. In a braking means for reducing the braking force when the 

first system, the braking force is controlled by an accel- pitch angle exceeds a predetermined level. The pitch 

eration meter. In a second system, the braking force is 20 angle detector comprises radar means, 

controlled by the speed of the drive shaft, or the sens- The pitch angle detector comprises a pair of radar 

ing of the revolutions of the wheels. If the vehicle slows units mounted on the bottom of the vehicle, one of the 

down, during braking, beyond a specified deceleration radar units having a transmitting and receiving antenna 

of the wheels, the braking force is controlled as a result at a predetermined angle of declination relative to a 

of calculation involving differentiation. In a third sys- 25 plane parallel to the bottom of the vehicle and directed 

tern, the slipping ratio is sensed by the difference be- downward and forward and the other of the radar units 

tween the speed of rotation of the wheels and the speed having a transmitting and receiving antenna at the prc- 

of the vehicle. The braking force is controlled within determined angle of declination relative to the plane 

the specified level range. and directed downward and backward. 

The known systems have drawbacks. The first system 30 Each of the radar units is a Doppler radar unit, 

cannot be freed from the effect of gravity acceleration Each of the Doppler radar units produces a Doppler 

on an uphill or downhill road. This results in erroneous signal. The pitch angle detector further comprises 

operation and susceptibility to vibrations. The second means for combining the signals produced by the radar 

system, although it is the most popular skid control sys- units to produce a signal component proportional to 

tern, is considerably restricted in its braking conditions, 35 the pitch angle of the vehicle during deceleration, and 

since the braking force is released only when the speci- means for supplying the signal component to the con- 

fied deceleration signal is generated. Thus, for exam- trol means to reduce the braking force, 

pie, under the condition in which the friction coefflci- The control device comprises level comparison 

ent between the tires and the road surface differs con- means for comparing the levels of signals supplied 

siderably, such as on concrete and frozen roads, the op- 40 thereto, integrating circuit means for integrating a sig- 

timum braking effect cannot be obtained. The third nal supplied thereto and signal dividing means for di- 

system is the most reliable one in principle. However, it viding the signal component into two signals, supplying 

is very difficult from a practical point of view to sense one of the divided signals directly to the level compari- 

the accurate speed of a vehicle. Furthermore, the sys- son means and supplying the other of the divided sig- 

tem is expensive in manufacture, because it operates as 4 5 nals to the level comparison means via the integrating 

a type of computer. circuit means whereby the level comparison means 

An object of the invention is to provide a vehicle skid compares the levels of the signals supplied thereto and 

control system which is inexpensive in manufacture. determines the coincidence point of the levels of the 

Another object of the invention is to provide a vehi- divided signals and produces an output signal in accor- 

cle skid control system which is effective, efficient and 50 dance with the comparison. The control means further 

highly reliable in operation. comprises actuator means coupled in the braking fluid 

Still another object of the invention is to provide a pressure system of the braking means for varying the 

vehicle skid control system utilizing Doppler radar as fluid pressure applied to the brakes of the vehicle 

the skid condition detector. thereby varying the braking force. The output signal of 

RRtFF *l iMMARY OF THF INVENTION 55 the ' eVeI com P arison means is ^PP^ed to the actuator 

BRIEF SUMMARY OF THE INVENTION means tQ comrol the opcration thereof. 

In order to detect th» o| tp«» yphiHp a_££ayjad The control device comprises level comparison 
soeedomet -r mil'"** tCSfflEit Sflfefil ^ e ground means for comparing the levels of signals supplied 
speedometer is a two beam system, in order to compen- thereto, potentiometer means connected to the level 
sate for error in the Doppler signal caused by the pitch- 60 comparison means for providing a signal voltage corre- 
ing movement of the vehicle. To be more practical, two spending to a predetermined standard pitch angle and 
Doppler radars including respective transmitting and means for supplying the signal component directly to 
receiving antennae, are provided with different mount- the level comparison means whereby the level compart- 
ing angles relative to the road, at the front and rear. son means compares the levels of the signal component 
The two Doppler signals produced by the two radars 65 and the signal voltage and determines the coincidence 
are combined or added to successfully eliminate the point of the levels of the signal component and the sig- 
signal component proportional to the pitch angle in a nal voltage and produces an output signal in accor- 
pitching movement of the vehicle. The Doppler signal dance with the comparison, and wherein the control 
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device further comprises actuator means coupled in the Therefore, if Equation (4) is subtracted from Equa- 

braking fluid pressure system of the braking means for tion (3) the difference is 
varying the fluid pressure applied to the brakes of the 

vehicle thereby varying the braking force, and means 4 v 

for supplying the output signal of the level comparison 5 ^'"^ =/ ~c sin r sin « s -/« (5) 
means to the actuator means to control the operation 

thereof. Here, since the radar units are affixed to the body of 

BRIEF DESCRIPTION OF THE DRAWINGS the vehic!e 10 ' lhe va,ue of sin Y becomes constant. 

10 Therefore, the magnitude fa in Equation (5) includes a 

In order that the invention may be readily earned frequency component proportional to the value of sin a 

into effect, it will now be described with reference to determined by the pitch angle of the vehicle, 

the accompanying drawings, wherein: For reference, if the system is used as a speedometer, 

FIG. I is a schematic diagram of the vehicle skid con- ^ tw0 s ign a | s ^ added in order to eliminate the fre- 

trol system of the invention mounted on a vehicle; quency component of the pitch angle o. 

FIG. 2 is a graphical presentation of the vehicle speed h is we || known ^ the decleration of the vehicle 10 

and pitch angle relative to time; appears in the pitch angle a as the load to the front 

FIG. 3 is a block diagram of an embodiment of the wheels. Therefore, it is apparent that the signal /a, de- 
vehicle skid control system of the invention; termined in the aforedescribed manner, corresponds to 

FIG. 4 is a graphical presentation of the first signal 2Q tne decleration during the braking operation, 
voltage el and the second signal voltage e2 of the vehi- 
cle skid control system of FIG. 3 relative to time; |f it is assumed that emergency braking is effected 

FIGS. Sa and 5B are schematic diagrams of an em- during the movement of the vehicle, the variations of 

bodiment of the actuator of the vehicle skid control the speed V of the vehicle and the pitch angle a of the 

system of FIG. 3 in different conditions of operation; 2$ vehicle relative to the time / are shown by the curves of 

and FIG. 2. That is, when the pitch angle a of the vehicle 

FIG. 6 is a block diagram of another embodiment of starts to decrease at the time tl, the deceleration of the 

the control circuit of the vehicle skid control system of vehicle becomes almost constant at such time. In other 

FIG. 3- words, the vehicle does not slow down normally despite 

In the FIGS., the same components are identified by 30 normal braking. The vehicle thus continues to slip after 

the same reference numerals. the time tl with the wheels being locked. This is called 

ntc-TAii cn n»cci~DiirT-i™vi rvc tuc ivx/cMTiAv a skid condition. As hereinbefore explained, since the 
DETAILED DESCRIPTION OF THE INVENTION brakmg force mSiximum wh £„ ^ pitcR ang , c 

The vehicle skid control system of the invention com- a becomes maximum, it is apparently theoretically pos- 

prises two radars or radar units 2 and 3 (FIG. 1 ), which 35 sible to minimize the braking distance by so controlling 

operate in accordance with the Doppler effect. The the braking force that the vehicle is stopped in a condi- 

radar units 2 and 3 are mounted in the center, under tion in which the pitch angle a is kept in the vicinity of 

the body of the vehicle 10 at a predetermined angle in the peak point, 
the front and the rear. The radar units 2 and 3 are 

mounted, for example, at an angle of depression of 40 The present invention discloses a system for prevent- 

60°and transmit respective high frequency signals to ing a skid condition caused by too much early locking 

the road surface and receive each signal reflected from of wheels, by controlling the excessive braking force by 

the surface of the road. In this case, as disclosed, the utilizing the signal component fa. 

received reflected signals are converted linto _ a signal nG ^ co ^ o] 

proportional to the speed of the vehicle^ That is *e «- 45 tne invention Jn nG 3 , ^ ^ ^ lcr rad£U - units 2 

ceived reflected signals are converted into Doppler ire- ^ , v. ^ 

fdl nd fdl comprise transmitting and receiving antennae 21 

qu .tJf ,eS ;. f e w~.u ♦ ^„:„^a r— and 31, a common transmitter and receiver or trans- 

When the frequency of both transmitted high fre J 33 

quency radar signals is expressed by / th i .peed of the lransceiver 22 uprises a Gunn diode which is 

vehicle ,s V. Ae angle of depression of the antennae of 50 commonl used M „ m6 mixer ^ at ^ 

the radar units 2 and 3 is y, the gradient or p tch ang e . 3 . . . . c . . . . , 

" " . T : * • same ume is designed for dual transmitting and rece iv- 

of the vehicle 10 is a, and the velocity of Propagation is Therefore, the two Doppler frequencies 

C. ^e Doppler frequences fdl and fdl may be ex- f * ^ ^ ^ n ^ nd 321 . 

pressed by the equations The Doppler frequencies fdl and fdl are supplied to 

the amplifiers 23 and 33, respectively, and to the limit- 
2 v coj( j ers 24 and 34, respectively, and are then converted into 

fd\ - is> c — ( i ) the square waveforms having a specific fixed ampli- 

tude. 

fdi - (/> c < - > 60 The outputs of the li miters 24 and 34 are supplied to 

an arithmetic operation circuit 12 via output leads 241 
Equations { 1 ) and ( 2 ) may be converted as follows: and respectively. The arithmetic operation circuit 

12 comprises a mixer similar to that used in a hetero- 
dyne receiver, for example, and extracts the pulse sig- 
; »• 65 nal fa proportional to the pitch angle of the vehicle by 

fd\ - i/i ut» yco* o+ sin y sin < ?> comparing the frequencies of the two square waves. 

The pulse signal fa is then converted into an analog 
fdl" if) — <«.«» yco«r- *in > tina i <j ) signal by a digital to analog converter 13 and the analog 
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signals are supplied to an actuator 1? inserted in the to the valve 172, which is moved to the right. There- 
brake fluid pressure system 20 via a control circuit 14. fore, air pressure is applied to the right side chambers 
The control circuit 14 produces two signals having of the diaphragms 173 and 174, and springs 178 and 
slight time difference relative to the analog output from 179 are compressed. As a result, the fluid cutoff valve 
the digital to analog converter 13 and compares the 5 176 doses the fluid path due to the fluid pressure from 
two signals to determine the cross point. For this pur- the master cylinder 202. At the same time, the fluid 
pose, the control circuit 14 comprises an integrating plunger 175 moves to the left as much as the degree of 
circuit 14a and a differential amplifier 146. The time compression of the spring 178 permits, so that the fluid 
constant of the integrating circuit 14a is kept small and chamber 177 also increases its capacity, thereby corre- 
its output signal, which is the second signal voltage, is "0 spondingly decreasing the internal fluid pressure. The 
slightly delayed rather than that appearing at an output fluid pressure in the wheel cylinder may be controlled 
lead 141, which is the first signal voltage. by the command signal of the AND gate 16, Wheel cyl- 

FIG. 4 shows the variation of the first signal voltage e inders 203, 204, 205 and 206 are shown in FIG. 3. 

1 and the second signal voltage el of the control circuit The operation of the vehicle skid control system of 

14 relative to time r. In FIG. 4, the time difference rl is 15 the present invention is as follows. As shown in FIG. 1, 

always set by the time constant of the integrating cir- if the driver applies excessive force to the brake pedal 

cuit 14a (FIG. 3) and the signal voltages el and el are 201 for an emergency stop while driving the vehicle, 

maintained in a relation to increase or decrease in ac- two high frequency beams are directed to the road sur- 

cordance with the variations of the pitch angle or of the face. The brake fluid pressure system 20, and especially 

vehicle 10. 20 tne actuator 17, encounters the operating conditions 

FIG. 4 clearly indicates that the waveforms of the shown in FIG. Sa and provides a large braking force, 
first signal voltage el and the integrated second signal causing deceleration of the vehicle. The vehicle will 
voltage el cross each other at the time tl in the vicinity thus pitch forward to a considerable extent. The pitch 
of the peak point of the pitch angle a of the vehicle. angle a is detected by the Doppler radar units in sue- 
Therefore, it is sufficient, in order to obtain the detec- 25 cession to indicate the existence or non-existence of a 
tion output command signal eO, to detect the time of vehicle skid condition. 

coincidence of the two signal voltages by comparing When the pitch angle a reaches its peak, the differen- 
ce signals el and el in the differential amplifier 14b tial amplifier 146 of the control circuit 14 detects such 
(FIG. 3). condition and produces the command signal for releas- 
Thus, when the braking fluid pressure is somewhat 30 j ng lne fluid pressure. At such time, the detection 
released by operating the actuator 17 (FIG. 2) with the switch 15 is turned ON. The AND gate 16 is thereby 
detected output voltage eO, the tendency to decrease, operated upon receiving the signals from the differen- 
shown by the broken line curve el' of FIG. 4, at the tial amplifier 146 and the detection switch 15. As a re- 
time r3 of the first signal voltage el, may be blocked suit, the solenoid 171 of the actuator 17 is magnetized, 
and turned into a tendency to increase, as shown by the 35 As hereinbefore mentioned, when the solenoid is mag- 
broken line el". The operation is repeated until the ve- netized. since the positive/negative pressure control 
hide movement stops. This results in the control of the valve 172 is attracted, as shown in FIG. Sb, the fluid 
braking fluid pressure to provide optimum braking plunger 175 and the control pin 170 are drawn back- 
force during the anti-skid conditions of operation of the ward. As a result, the braking fluid pressure in the fluid 
vehicle. 40 pressure chamber 177 is reduced. This is followed by 
In addition, since the pitch angle a of the vehicle 10 reduction of the braking force to the wheels, thus pre- 
is always determined by the Doppler radar units, not venting the skid condition of the vehicle, 
only during braking, but also during movement of the In succession, when the braking force is reduced the 
vehicle, a detection switch 15 {FIG. 3) is provided on speed of rotation of the wheels increases, producing an 
the brake pedal 201 (FIG. 3) to prevent erroneous op- 4 5 increment of the pitch angle o of the vehicle. There- 
eration of the actuator 17 due to causes other than fore, the signal from the differential amplifier 14b dis- • 
braking, such as, for example, transfer of the load. appears, releasing the activation of the solenoid 171. 

Furthermore, facilities are provided to permit the op- Thus, the fluid plunger 175 and the control pin 170 are 

eration of the actuator 17 only when both signals exist, restored to their position indicated in FIG. Sa Then 
and the output signal of the detection switch 15 and the 50 the braking force is again increased, causing the vehicle 

output signal of the control circuit 14 are detected by to slow down. This ope radon is repeated, as required, 

an AND circuit 16, provided for such purpose. Although it is obvious, the vehicle skid control sys- 

FIGS. Sa and Sb illustrate the operation of the actua- tern of the invention is not restricted to the application 

tor 17. In FIGS. 5a and 56, the actuator 17 comprises a example hereinbefore mentioned. Thus, for example, it 
control pin 170, a solenoid 171, a positive/negative 55 is also possible that, first, the pitch angle a which is evi- 

pressure control valve 172, two diaphragms 173 and dent for an idealistic braking force, that is, the maxi- 

174, a fluid plunger 175, a fluid pressure cutoff valve mum braking force, is applied to the wheels running on 

1 76, and a fluid pressure chamber 177. The diaphragm the road under specific conditions, is memorized as the 

174 is coupled to the control pin 170 and such dia- standard pitch angle a0. Then, if the actual pitch angle 
phragm and pin move together. When the output of the 60 0t which may be observed under other braking condi- 

AND gate 16, which is the fluid pressure release signal, tions, coincides with the standard pitch angle aOasa 

is not supplied during braking, the braking pressure result of comparison, the braking fluid pressure releas- 

from the master cylinder is directly transferred to the ing signal is supplied to the actuator 17. 

wheel cylinder through the routes shown in FIG. 5a. This concept is explained in greater detail with refer- 
When the fluid pressure release signal is supplied by 65 e nce to FIG. 6. In the embodiment of FIG. 6, the con- 

the AND gate 16. the solenoid 171 is magnetized, as trol circuit 14 for the actuator 17 comprises a potenti- 

shown in FIG. 56. thereby attracting the positive/nega- ometer 14c and a differential amplifier 14d The volt- 

tive pressure control valve 172. Air pressure is then led age of the signal fa supplied from the digital to analog 
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converter 13 (FIG. 3) in proportion to the pitch angle 
a is compared in level with the signal voltage corre- 
sponding to the standard pitch angle otO previously set 
by the potentiometer 14c. When the point at which the 
two signal levels cross is detected, the control circuit 14 
produces the command signal for the actuator 17. 

It is also possible to extract the DC voltage of the sig- 
nal fa corresponding to the pitch angle by applying the 
two Doppler signals fdl and fdl % to be combined in the 
arithmetic operation circuit 12, to said arithmetic oper- 
ation circuit after first converting them into the DC 
voltages. In this case, in the circuit of FIG. 3, it is 
enough to add a detector to the output of each of the 
I im iters 24 and 34, and to remove the digital to analog 
converter 13. An operational amplifier may be utilized 
as the arithmetic operation circuit 12, for example. 

As is obvious from the foregoing description, since 
the skid control system of the invention detects the de- 
celeration, using a Doppler signal of a ground speed- 
ometer, the system is produced inexpensively and eco- 
nomically and secures accurate operation irrespective 
of the type of vehicle on which the Doppler radar units 
are mounted. 

While the invention has been described by means of 
specific examples and in specific embodiments, we do 
not wish to be limited thereto, for obvious modifica- 
tions will occur to those skilled in the art without de- 
parting from the spirit and scope of the invention. 
Claims 

We claim: 

1. A vehicle skid control system for preventing skid- 
ding of a vehicle caused by excessive braking force, the 
vehicle having braking means including a brake pedal 
whereby braking force is applied, the pitch angle of the 
vehicle varying with the braking force and with the de- 
celeration of the vehicle, said vehicle skid control sys- 
tem, comprising. 

gravity independent pitch angle detecting means 
mounted on the vehicle for detecting a variation in 
the pitch angle of the vehicle in deceleration; and 

control means coupled between the pitch angle de- 
tecting means and the braking means for reducing 
the braking force when the pitch angle exceeds a 
predetermined level. 

2. A vehicle control system as claimed in claim 1, 
wherein the pitch angle detecting means comprises 
radar means. 

3. A vehicle skid control system as claimed in claim 
1, wherein the pitch angle detecting means comprises a 
pair of radar units mounted on the bottom of the vehi- 
cle, one of the radar units having a transmitting and re- 
ceiving antenna at a predetermined angle of declina- 
tion relative to a plane parallel to the bottom of the ve- 
hicle and directed downward and forward and the 
other of the radar units having a transmitting and re- 
ceiving antenna at the predetermined angle of declina- 
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tion relative to the plane and directed downward and 
backward. 

4. A vehicle skid control system as claimed in claim 

3, wherein each of the radar units is a Doppler radar 
5 unit. 

5. A vehicle skid control system as claimed in claim 

4, wherein each of the Doppler radar units produces a 
Doppler signal and wherein the pitch angle detecting 
means further comprises means for combining the sig- 

10 nals produced by the radar units to produce a signal 
component proportional to the pitch angle of the vehi- 
cle during deceleration, and means for supplying the 
signal component to the control means to reduce the 
braking force. 

15 6. A vehicle skid control system as claimed in claim 

5, wherein the control means comprises level compari- 
son means for comparing the levels of signals supplied 
thereto, integrating circuit means for integrating a sig- 
nal supplied thereto and signal dividing means for di- 

20 viding the signal component into two signals, supplying 
one of the divided signals directly to the level compari- 
son means and supplying the other of the divided sig- 
nals to the level comparison means via the integrating 
circuit means whereby the level comparison means 

25 compares the levels of the signals supplied thereto and 
determines the coincidence point of the levels of the 
divided signals and produces an output signal in accor- 
dance with the comparison, and wherein the control 
means further comprises actuator means coupled in the 
braking fluid pressure system of the braking means for 
varying the fluid pressure applied to the brakes of the 
vehicle thereby varying the braking force, and means 
for supplying the output signal of the level comparison 

j 5 means to the actuator means to control the operation 
thereof. 

7. A vehicle skid control system as claimed in claim 
5, wherein the control means comprises level compari- 
son means for comparing the levels of signals supplied 
40 thereto, potentiometer means connected to the level 
comparison means for providing a signal voltage corre- 
sponding to a predetermined standard pitch angle and 
means for supplying the signal component directly to 
the level comparison means whereby the level compari- 
son means compares the levels of the signal component 
and the signal voltage and determines the coincidence 
point of the levels of the signal component and the sig- 
nal voltage and produces an output signal in accor- 
dance with the comparison, and wherein the control 
means further comprises actuator means coupled in the 
braking fluid pressure system of the braking means for 
varying the fluid pressure applied to the brakes of the 
vehicle thereby varying the braking force, and means 
for supplying the output signal of the level comparison 
means to the actuator means to control the operation 
thereof. 

***** 
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